In a previous study, we found that the shape of a bird, rather than its color, plays a major role in the determination of human preferences. Thus, in the present study, we asked whether the preferences of human respondents towards uniformly shaped, colorful birds are determined by pattern rather than color. The experimental stimuli were pictures of small passerine birds of the family Pittidae possessing uniform shape but vivid coloration. We asked 200 participants to rank 43 colored and 43 identical, but grayscaled, pictures of birds. To find the traits determining human preferences, we performed GLM analysis in which we tried to explain the mean preference ranks and PC axes by the following explanatory variables: the overall lightness and saturation, edges (pattern), and the portion of each of the basic color hues. The results showed that the mean preference ranks of the grayscale set is explained mostly by the birds' pattern, whereas the colored set ranking is mostly determined by the overall lightness. The effect of colors was weaker, but still significant, and revealed that people liked blue and green birds. We found no significant role of the color red, the perception of which was acquired relatively recently in evolution.
and with green, blue, and its intermediates coming under the "cold" category. This distinction is long-recognized by color specialists in the fields of both art and science, and it is also very interesting to note that the intermediate hue of yellow-green, which links together these dual spectra, affects human emotions negatively, evoking associations with sickness and disgust (Kaya and Epps, 2004) . The third rule of forming color terms highlights the importance of the color red. As noted above, the emotional meaning of red hues is controversial, causing arousal and quickening heartbeat, which may point to a special importance of this color for human recognition. Altogether, the terms for the colors black, white, yellow, green, blue, and red, which are considered the basic hues, appear primarily, being followed by the terms for grey, brown, orange, pink, purple, and other possible intermediate and mixed colors (Kay et al., 2010) .
The vivid colors of birds are meant to be seen by their conspecifics, which possess tetrachromatic vision, an ancestral evolutionary trait in terrestrial vertebrates (Bowmaker, 2008; Hart, Bailes, Vorobyev, Marshall, and Collin, 2008) . But are humans, as members of the mammalian clade, able to see and appreciate the avian colors in full? During the mammalian ancestry of small and nocturnal animals, their color vision was reduced to a dichromatic state (Heesy and Hall, 2010; Zhao et al., 2009 ). Dichromatic vision is consistent with the warm-cool spectra discrimination, recognizing the short-wave spectrum on one side and long-wave spectrum on the other side (Jacobs, 2009 ). Humans and some other monkeys and apes (independently in Old World primates and New World howler monkeys) regained true trichromatic vision, but the third gene for opsin with sensitivity in long wavelengths (red) has evolved only recently when compared to the evolutionary history of mammals (see Martin and Ross, 2005 , and references therein). In this light, we may ask about the importance of achromatic colors for human preferences as compared to blue, green, and yellow hues on one side (evolutionarily ancestral) and red on the other side (evolutionarily recent). If the origin of human emotions and preferences reaches far into the long ancestry of small nocturnal mammals, achromatic colors (consisting of variance in lightness and contrast and forming the base of patterns and shapes) should play a major role in assessing human aesthetic preferences. These would be followed by the ancestrally seen hues of blue, green, and yellow. On the other side, red is known as an exciting color causing arousal, important in primate communication (Setchell, Jean Wickings, and Knapp, 2006) and food gathering (Surridge, Osorio, and Mundy, 2003) . Thus, the position of this color in human aesthetics forms a very interesting question.
In our previous studies, we showed that morphology and selected colors affected human preferences towards birds. In parrots, humans preferred long tails along with blue and yellow colors, while green color (present on most of the parrots in majority) affected preferences negatively (Frynta, Lišková, Bültmann, and Burda, 2010) . The study of all nonpasserine bird families that followed confirmed the significance of blue and yellow colors, with red and purple colors also having a minor effect. More importantly, it revealed that the bird shape, or silhouette, was the strongest predictor of human preferences. However, this study did not include "pattern" as a predictor in the analyses, as the light-contrast differences were only represented by the standard deviation (SD) of lightness. It therefore raised a question about the importance of pattern to human preferences towards birds, as compared to colors and shape.
In this paper, we examined the effects of colors and pattern on human aesthetic preferences of birds. For this purpose, we selected pittas, because they form a monophyletic group of colorful Old World tropical passerine birds (Moyle, Chesser, Prum, Schikler, and Cracraft, 2006) sharing almost the same shape (silhouette), but they are highly diversified in terms of color and pattern.
Human aesthetic preferences are linked to the evolution of the visual system. As such, the phylogenetic position of humans who belong to the mammalian group of primates should be considered when studying human preferences. The evolutionary biologists reconstructed that the ancestor of all mammals was a small, nocturnal animal (Kemp, 2005) . For nocturnal mammals living in the dark, the ability to distinguish objects in achromatic contrast and pattern is of the utmost importance. On the basis of this theory, we can hypothesize that the importance of achromatic vision may be superior to color vision in recent mammals, including primates and humans. The results of human cognitive categorization and color naming as studied by Kay et al. (2010) is in agreement with this. We tested this hypothesis by analyzing the effects of lightness and achromatic pattern on human aesthetic preferences for colorful birds. Simultaneously, we analyzed the effect of basic colors such as red, yellow, green, and blue, asking whether there is some pattern that would confirm the duality of red and yellow (warm colors) on one side and green and blue (cold colors) on the other side. We also investigated the position of the red color, which seems to be salient in the context of evolution of human vision and human color naming and which causes bipolar emotional feelings and arousal.
In short, we tested the effects of (1) lightness and pattern, (2) warm-cool colors continuum, and (3) red color on human aesthetic preferences for pittas. This testing was performed by showing pictures of pittas to human respondents in both full color and grayscale.
Materials and Methods

Selection of species
For the purpose of this study, we selected the morphologically uniform family of Old World passerine birds: the pittas (Pittidae). This group is characterized by flamboyant colors and contrasting patterns that vary considerably among species. Few species are also sexually dichromatic. We examined the aesthetic attractiveness of these birds by presenting a set of 43 pictures to human respondents. The set of pictures included all 32 extant species of pittas (BirdLife International, 2011; we follow the naming of Irestedt, Ohlson, Zuccon, Källersjö, and Ericson, 2006 , who recognized three distinct monophyletic groups within the family Pittidae, and proposed generic status to, Hydrornis and Erythropitta formerly belonging to the genus Pitta) and two distinctly colored subspecies (Hydrornis guajana irena, Pitta sordida rosenbergii). In nine distinctly sexually dichromatic species, we included pictures of both sexes (Hydrornis baudii, H. caerulea, H. cyanea, H. elliotii, H. guajana, H. gurneyi, H. nipalensis, H. soror, Pitta schneideri) . The colored pictures were adopted from the 8th volume of the Handbook of The Birds of The World (del Hoyo et al., 2003) . In order to avoid possible effects of body position, size, and background on rating, the pictures were adjusted with white backgrounds and resized so that the pictured birds were of a similar relative size.
Testing of human preferences
The assessment of human preferences of the depicted birds followed the ranking method used by Frynta and colleagues (Frynta et al., , 2010 (Frynta et al., , 2011 Lišková and Frynta, 2013; Marešová and Frynta, 2008; Marešová, Krása, and Frynta, 2009; Marešová, Landová, and Frynta, 2009 ). The respondents were Czech citizens, mostly 19-29 years old. Each person was exposed to one set (i.e., 43 pictures) placed on a table in a random assemblage. Then we asked them, "Please, stack the photographs in an order corresponding to the beauty of the depicted bird, from the most beautiful to the least beautiful one." The order of the photograph in the pack was then coded by numerals from 1 (the most beautiful one) to 43, further referred to as ranks. The rank-order method maximizes the informative content of the respondents' judgment by covering the full ordination scale. This ranking method was validated in Frynta et al. (2010) , and the preference ranks were highly correlated to scores produced by the Likert scale (5-or 7-point scale). Although no explicit time limit was given, all the respondents performed the task within a few minutes. The pictures were presented to the respondents in a well-lit room during summer daylights. Altogether, we gathered data from 100 respondents (50 males and 50 females). According to self-report, none of the respondents had any form of color blindness. However, the respondents might not have been aware of their condition affecting color vision deficiency. Even if that was the case, the incidence of the most common forms of color blindness is very small, about 7.4% for men and 0.5% for women in European populations (reviewed by Sharpe, Stockman, Jägle, and Nathans, 1999) . Thus, the probability of the presence of unrecognized respondents with color deficiency is too small to affect the results treated by robust statistical procedures. To evaluate separately the attractiveness of the pattern of the birds, we repeated the above process with the same set of images set to grayscale. This set was evaluated by another set of 100 Czech respondents (50 males and 50 females).
Picture processing
We used a similar procedure in our previous study to characterize the colors present in each picture. Pixel values of the pictures were transformed from the red-green-blue (RGB) colorspace to the so-called hue-saturationlightness (HSL) colorspace. Hue values are similar to angles on a color wheel, in which certain angles correspond to certain colors. The extraction procedure followed Newsam (2005) . In order to avoid dual counting of some pixels (due to the hue angle overlap) and to improve correspondence between color definition and human perception, we adjusted the angle definitions of Newsam (2005) as follows: red <350°, 18°; orange/brown <18°, 45°; yellow <45°, 63°; green <63°, 170°; blue <170°, 270°; and violet-rose <270°, 350°. However, only the basic colors as defined by Kay et al. (2010) were included in further analyses, excluding the orange and violet-rose colors. Moreover, the orange hue as depicted on the actual pictures was mixed with such values of saturation and lightness that it was perceived as "brown" in most of the pictures, which further substantiated the exclusion of the hue; and the violet-rose hue was too rare (very underrepresented) to be analyzed reliably.
We analyzed the portion (in percent) of each such defined color as depicted on the bird (see Figure 1a ,b). Although all pixels on the picture, including the background (the area around the object of interest), have their own value for hue, the background pixels were intentionally excluded from the color proportions value analysis using their transparency. This was done using the following method: The color value that was extracted from the picture responded to the number of pixels of each color present in the picture (including transparent pixels weighted by their transparency) divided by the sum of all non-transparent pixels (the area of the bird "silhouette"). The transparency (A) covered the interval 0-1, 0 being fully transparent, 1 fully visible pixel; the sum of A could be imagined as the number of all pixels the bird covered, compared to the transparent background. The partial transparency of pixels was present only in a minority of pixels at the soft outline of the bird. The values for saturation (S) and lightness (L) covered the interval 0-1. Because human respondents perceive pixels with extreme values of lightness and saturation as black/white and gray (Newsam, 2005) , respectively, we defined three additional "colors": black (L < 0.20), white (L > 0.80), and gray (S < 0.27). Additional variables describing visual quality of each picture that we used to explain human preferences were mean values of S and L, weighted by A, and the standard deviation of S and L, again weighted by A.
The complexity of various patterns as wavelets and spots on the birds' belly and wings was defined as the portion of contrasting patches on each picture, measured through edge detection, which was processed using the math function of Sobel operator (Sobel, 1978) . Each contrasting patch of pixels was detected as an edge and "drawn" on the picture as a light outline-the higher the count of such contrasting patches, the more light outlines there were generated on the picture (see Figure 1c) . The final value of the pattern variable, further referred to as "edges" in the text, corresponded to the overall lightness of the generated picture-the lighter the outcome picture, the more complex pattern the bird possessed. In the present picture set, the minimum and maximum values for edges reached from around 0.19 to 0.53.
Statistical analyses
In order to quantify and test congruence in species ranking provided by different respondents, we adopted Kendall's Coefficient of Concordance as implemented in SPSS version 16.0. The contribution of the combinations of the color/greyscale and sex to the variability in ranking species of pittas was examined and visualized in Redundancy Analysis (RDA) as implemented in CANOCO (ter Braak and Smilauer, 2002) . The portion of colored pixels in the tested pictures was square-root arcsin transformed prior to the analyses. Principal Component Analysis (PCA) was performed to visualize the multivariate structure of the data sets and to extract uncorrelated axes for further analyses. Multivariate Analysis of Variance (MANOVA) and General Linear Models (LMs) were applied to test the effects of independent explanatory variables. Full LMs were further reduced according to the Akaike criterion until log-likelihood tests revealed significant comparison between the full and reduced models. We performed most calculations in R and Statistica 6.0.
Ethical note
All respondents agreed to participate in the project voluntarily. Each subject provided an informed consent and additional information about gender and age. The authors declare that the project was approved by the Institutional Review Board (IRB), Faculty of Sciences, Charles University in Prague, approval n.2013/7.
Results
The MANOVA revealed effects of coloration versus grayscale (Wilks = 0.4482, F[42, 155] = 4.53, p < 0.0001) and gender (Wilks = 0.6940, F 42, 155 = 1.63, p = 0.02), but not their interaction (Wilks = 0.7231, F[42, 155] We performed LMs analyzing the factors contributing to the preferences of pitta pictures as evaluated by our respondents. For the colored picture set, we introduced the following explanatory variables to explain the mean preference ranks: lightness and saturation (both M and SD), edges, and basic color hues (blue, green, yellow, and red). The initial full-model (r = 1.41, p = 0.94) on the ranking of the studied bird species (See Figure 2 for the contribution of particular species to these differences as visualized by RDA plot). When t-tests were performed for each species and set, the gender differences were statistically significant only in six cases. E. arcuata, P. angolensis, and P. reichenowi were more preferred by male respondents and E. erythrogaster and H. caerulea (male) by female respondents in the colored picture set, whereas E. arcuata and P. angolensis were more preferred by male respondents and H. gurneyi (male) by female respondents in the grayscale picture set. Only two species (E. arcuata and H. caerulea [male]) remained significant when Bonferonni correction was applied. Because the gender differences were small and involved only 6 (or 2) out of 43 examined species of pittas, we decided to pool the genders in further analyses concerning the means or multivariate axes (PCA) computed from the preference ranks. Both of these methods extract the agreement among respondents and thus further blend the minor effects of gender. The agreement between the respondents was assessed by Kendall's W. It appeared significant (n = 100, df = 42, p < 0.001) in both colored and grayscale picture sets (Kendall's W = 0.14 and 0.21, respectively). 2 = 0.76) revealed a significant contribution of lightness (both M and SD), edges, blue, green, and yellow. The final reduced model (r 2 = 0.75; see Table 1a and 
phayrei, rei -P. reichenowi, schM -P. schneideri male, schF -P. schneideri female, sor -P. sordida, ros -P. sordida rosenbergii, sorM -H. soror male, sorF -H. soror female, ste -P. steerii, sup -P. superba, uss -P. ussheri, ven -E. venusta, ver -P. versicolor.
When evaluating the mean preference ranks of the grayscale pictures, those explanatory variables involving coloration (saturation, blue, green, yellow, red) were not applicable and thus we performed LMs including only M and SD lightness and edges. Both full-and reduced models (r 2 = 0.55 and 0.54, respectively; see Because the respondents' discrimination may reflect more than one axis (set of characters), we extracted multiple principal component axes from the preference rankings. The first three principal axes explained 28.4%, 13.7%, and 7.7% of the total variance of the colored picture set, respectively. The corresponding values for the grayscale picture set were 31.0%, 16.0%, and 8.4%. We further analyzed these components and found that the first and second components of both sets are mutually closely correlated (PC1 color vs PC2 grayscale: r 2 = 0.64, p < 0.0001; PC2 color vs PC1 grayscale: r 2 In order to identify these putative traits, we analyzed the first two principal axes by LMs in a similar way to the mean values of preference ranks as described above. First, we analyzed PCs derived from the grayscale picture set that represents a simpler model. PC1 of the grayscale set (r = 0.83, p < 0.0001) and thus probably reflect a similar set of traits used by the respondents as a guide for ranking. 2 = 0.68; see Table 1c) 
Discussion
We analyzed the effects of colors and achromatic components (M and SD of lightness, pattern) on human preferences for colorful birds of the family Pittidae. Surprisingly, the respondents ranked the birds' aesthetics similarly in both the full colored and grayscale picture sets. More detailed analysis of the preference ranks revealed that in both cases, pattern and lightness components affected human preferences more than the analyzed color hues. Blue and green hues were the only colors that had minor, yet significant, effects on human aesthetic ranking of the colored birds picture set.
One would expect that the respondents are able to rank color pictures more easily and reliably than the grayscale ones. During the testing procedure, the respondents showed higher willingness to rank the colored pictures as these apparently presented a more appealing and motivating challenge. However, our results show that the Kendall coefficient of agreement was slightly higher among the respondents ranking the grayscale than among those ranking the colored set. This finding may be explained by the distracting effect of colors on the respondents. It was shown in both monkeys (Saito et al., 2005) and humans (Morgan, Adam, and Mollon, 1992; Saito, Mikami, Hosokawa, and Hasegawa, 2006 ) that dichromats solved tasks involving detection of objects camouflaged in red pattern with a higher success rate than trichromats.
In our study, the mean ranks of pictures resulting from the grayscale set were slightly, but significantly, correlated with those obtained from the color test (r 2 In this regard, it is useful to review the role of chromatic and achromatic (shape and pattern) information in solving various human cognitive tasks. In the study of Mullen and Beaudot (2002) , color vision performed worse than luminance vision in a shape discrimination task. Shape has also been found to play a primary role in object recognition (electrophysiologically measured) when human respondents were instructed to pay attention to various objects or colors on a computer screen (Proverbio, Burco, del Zotto, and Zani, 2004) . They were able to discriminate colors faster if these were associated with = 0.10, p = 0.04). Nevertheless, multivariate analyses clearly revealed that the same two main axes are behind the ranking of both sets. We extracted the first two main principal components (PC, multivariate orthogonal axes) from the ranking results of both color and grayscale sets. The colored set PC1 closely correlated with the grayscale set PC2 and vice versa (grayscale PC1 correlated with color PC2). Such close mutual correlation of the color and grayscale axes suggests that principal cues determining ranking of the color pictures are also present in the grayscale pictures possessing only achromatic components. Thus, these principal cues cannot be composed of chromatic colors. The fundamental role of achromatic components was further supported by the GLM analyses of the PC axes. These axes may be interpreted mainly as the pattern complexity for grayscale PC1/color PC2 and overall lightness for grayscale PC2/color PC1. The presence of the chromatic component in the color pictures, however, affects the priority of the axes adopted for aesthetic ranking; it induces a switch from primary use of the pattern axis to the lightness one. In short, people tend to rank grayscale pictures according to pattern, while they rank color pictures according to overall lightness. canonical shapes (e.g., a yellow chicken was recognized faster than a yellow piglet), but not vice versa; canonical colors did not help the respondents to recognize shapes faster. However, when naming objects is the task, canonic chroma helps to name the objects faster (Therriault, Yaxley, and Zwaan, 2009) , and in some cases, chroma helps humans to recognize objects faster and to remember them better (Spence, Wong, Rusan, and Rastegar, 2006; Wichmann, Sharpe, and Gegenfurtner, 2002) . Whenever the shape of an object is unavailable for some reason, chromatic information helps in the object recognition (Liebe, Fischer, Logothetis, and Rainer, 2009; Steeves et al., 2004; Yip and Sinha, 2002) , especially when the respondents already possess "color knowledge" of particular objects stored in long-term memory (Mapelli and Behrmann, 1997) . In ultra-rapid recognition tasks, however, both humans and monkeys are able to categorize an animal or food object on flashing pictures regardless of the presence of chromatic information (Delorme, Richard, and Fabre-Thorpe, 2000) . Moreover, humans are able to categorize the objects even if presented in a grayscale at a very low luminance contrast (Macé, Thorpe, and Fabre-Thorpe, 2005) . Similar rapid-presentation experiments show that humans' recognition of sketched shapes of objects is as good as their recognition of high quality colorful photographs (Biederman and Ju, 1988) . Thus, shape and grayscale pattern provide primary information for human perception, while color contributes to cognitive interpretation and memory processing of an already recognized object (picture).
The ranking procedure in our experiment instructed the respondents to arrange the pictures according to a gradient of aesthetic preferences. The objective of the testing was not categorization of the objects and the respondents were not instructed to intentionally do so. However, it has been previously shown that in a similar experiment using the same testing method, the respondents still categorized the ranked subjects (snakes; Landová, Marešová, Šimková, Cikánová, and Frynta, 2012; Marešová, Landová, et al., 2009 ). This resembles the task recognized as unsupervised human categorization by some authors (Pothos and Chater, 2002; Pothos and Close, 2008) . Although the respondents were mainly students of biology, the majority of them did not recognize that the tested birds belonged to the family Pittidae and none of the respondents were able to distinguish the particular species. This may be why the role of chroma was not so prominent in the ranking of aesthetics of birds, as the respondents did not try to intentionally categorize the species nor did they need to recognize them using long-term memory references.
Our results showed that human respondents rank the attractiveness of colorful birds mainly on the basis of lightness and pattern. This finding is in agreement with the model of color categorization and naming of Kay et al. (2010) , which finds "black" and "white" colors as the first to appear in lingual color terms construction. In other words, the separation of black and white can be understood as the separation of dark and light colors (as perceived in luminance and partially also chromatic contrast), which may in fact correspond to the distinction along the axis of overall perceived lightness.
In this study, the only chromatic colors to affect human preferences towards the birds depicted in color were blue and green. This implies the relevance of the division of chromatic spectrum into warm and cool colors, with warm colors having no effect on human aesthetic preferences towards pittas. Blue and green hues are often reported to positively affect the emotional feelings of humans who associate both of the hues together with peace and calmness (Ball, 1965; Kaya and Epps, 2004) . Blue birds have been consistently highly ranked within various contexts (in various bird groups, tested independently): blue-and-white flycatcher, indigo-banded kingfisher, hyacinth macaw, and Indian roller (Frynta et al., , 2010 Lišková and Frynta, 2013) . The preference for blue and green color has also been found in non-human primates. Chimpanzees and gorillas preferred to manipulate blue and green objects over red ones (Wells, McDonald, and Ringland, 2008) , and macaques were also reported to prefer blue colors (Humphrey, 1972) . Sharing of this preference for the color blue with our monkey and ape relatives suggests that this character is deeply rooted in the ancestry of humans.
We found no effect of the color red on human aesthetic preferences of pittas. This may be explained by a relatively short history of the color's recognition in primates. The cones sensitive to red light have evolved in a common ancestor of Old World monkeys and apes, i.e., relatively recently when compared to those sensitive to green and blue light. It is recently a matter of discussion whether trichromatic primates have any advantage over the dichromatic ones. Traditional views supported by many papers say that trichromatic primates are quicker in foraging for red ripe fruits (e.g., Osorio and Vorobyev, 1996; Surridge et al., 2003) or young leaves (Dominy and Lucas, 2001; Lucas, Darvell, Lee, Yuen, and Choong, 1998) . However, a recent study by Hiramatsu et al. (2008) found no advantage of trichromats in the recognition of food in black-handed spider monkeys. They show that luminance contrast was the main determinant of the variation of foraging efficiency. Moreover, the uneven distribution of L, M, and S cone sensitivities in primates (as opposed to even distribution, optimal for maximal color discrimination, found in nonmammalian tri-or tetrachromats such as birds or bees; Kremers, 2005; Osorio and Vorobyev, 2005) may also point to the importance of luminance contrast discrimination, because separate L and M cones have the potential to corrupt luminance signals (Osorio, Ruderman, and Cronin, 1998) .
Phylogenetic studies show that trichromatism in primates evolved most likely in the context of foraging performance (Fernandez and Morris, 2007) . Once evolved, the ability to see the color red gained its importance in the selection of red-colored sexual traits and communication (Waitt et al., 2003; Waitt, Gerald, Little, and Kraiselburd, 2006) . Changizi, Zhang, and Shimojo (2006) pointed out that primates with trichromatic vision tend to have bare faces and that bare skin modulations serve as a signaling on the uncovered body parts. The red color signalization then may facilitate either approach or avoidance behavior, depending on the context (Meier, D'Agostino, Elliot, Maier, and Wilkowski, 2012) . In some primates, the red color of the chest and genitals signals sexual receptivity (Deschner, Heistermann, Hodges, and Boesch, 2004; Waitt et al., 2006) and increases sexual arousal in watching males (Bielert, Girolami, and Jowell, 1989) . The effect of red on sexual signaling and romance has also been reported in many human studies, showing that respondents wearing red or holding red items were perceived as more attractive by the opposite gender (e.g., Elliot and Niesta, 2008; Elliot et al., 2010; Guéguen, 2012; Lin, 2014; Pazda, Elliot, and Greitemeyer, 2012; Roberts, Owen, and Havlicek, 2010; Schwarz and Singer, 2013 ; but see Johns, Hargrave, and Newton-Fisher, 2012) , and this effect seems to be universal (Elliot, Tracy, Pazda, and Beall, 2013) .
In opposition to this, the color red can signal threat and danger. For example, in male baboons, a red face signals dominance and a threat to potential opponents (Setchell and Jean Wickings, 2005 ) and a red-colored chest is associated with an avoidance (or withdrawal) response in geladas (Bergman, Ho, and Beehner, 2009 ). In humans, facial red color signals anger (Fetterman, Robinson, Gordon, and Elliot, 2011; Young, Elliot, Feltman, and Ambady, 2013) , and is reported to facilitate avoidance behavior in human respondents when presented in the context of competition (Meier et al., 2012) . Thus, instead of having a specific effect, the color red seems to have a strong, context-dependent motivational effect on human perceivers. Buechner, Maier, Lichtenfeld, and Schwarz (2014) showed that red intensifies attention to goal-relevant stimuli. It is a "signal of relevance which carries the message that a present stimulus is important and worthy of attention" (Buechner et al., 2014, p. 1) . Only after this message is received, the information is processed according to the specific context to facilitate either the approach or avoidance behavior.
Although the color red facilitates attentional adhesion in human respondents to important stimuli such as human facial expressions, it has no relevance on perceiving small passerine birds. This may explain why red had no effect on our respondents' rating of perceived "beauty" of the birds. However, in a previous study concerning the perception of attractiveness of king snakes (Landová et al., 2012) , the color red was perceived as attractive by human respondents. This may be explained by attentional adhesion to conspicuous species with aposematic coloration, relevant to human survival, which affects both rating of attractiveness and perceived dangerousness of the snakes (although harmless, king snakes of the genus Lampropeltis are Batesian mimics of the dangerous and deadly poisonous snakes of the genus Micrurus from the family Elapidae). Because the respondents noticed the potentially dangerous animal before it attacked, it could result in a pleasant emotion, which in turn could reflect onto the aesthetic rating of the snakes. In a different study by Prokop and Fančovičová (2012) , human respondents preferred red fruits over green or brown ones. This preference could also be explained by the attentional adhesion effect of the color red, as preferring ripe red fruits is in agreement with the foraging hypothesis of the evolution of primate trichromatic vision (Fernandez and Morris, 2007) .
The color red is the most ambiguous one, often eliciting both positive and negative emotions and associations (Kaya and Epps, 2004; Wang, Shu, and Mo, 2014) , but other colors are perceived differently in various contexts as well. For example, respondents who prefer blue reported that they would prefer this color on clothing but not on furniture (for a review, see Taft, 1997) . The color blue is the least ambiguous, preferred by most respondents in many studies (Dittmar, 2000; Hemphill, 1996; Madden, Hewett, and Roth, 2000; Saito, 1994) . Still, it can also be sometimes assigned with a negative feeling such as depression, sadness, and loneliness (Kaya and Epps, 2004) . The saying that one "feels blue" may not only be associated with depression, but can also be linked to an actual signaling of a person's health, as a bluish tint of skin can signal a bad health condition of low-level blood oxygenation (Re, Whitehead, Xiao, and Perrett, 2011) . It is possible that animals or natural shapes (as opposed to neutral or novel objects), which represent evolutionarily important stimuli for human respondents due to the coevolutionary history of animals and humans, can trigger different emotional reactions than abstract and arbitrary shapes with no connection to human evolution. It is thus very important to study both abstract and natural stimuli to gain sound insight into human visual perception.
Although there is immense evidence for the importance of colors in many aspects of human life, such as emotional affection, easier object categorization (assignment into distinctive cognitive groups), arousal, or selective attention, we found only a small effect of colors on human aesthetic preferences for birds. The only colors that had minor effects were blue and green. The main factors affecting human preferences were the pattern and overall lightness. This finding emphasizes the key role of the luminance contrast discrimination, the importance of which is shared ancestrally within dichromatic primates.
